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Abstract  Whilst  the  diagnosis  of  colonic  cancer  is  always  based  on  visually  guided  ﬂexible
colonoscopy,  which  is  the  only  technique  that  provides  a  histological  diagnosis,  the  pre-
treatment  assessment  of  the  cancer  involves  computed  tomography.  This  can  determine  theColonic  surgery exact site  of  the  cancer  in  the  colon,  its  dimensions  and  juxta-colonic  extension  and  is  used  to
investigate  for  liver,  mesenteric  or  lung  metastases.
© 2014  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Colorectal  cancer  is  a  modern  day  public  health  problem:  42,152  new  cases  were
recorded  in  2012  [1]  and  the  incidence  of  the  disease  has  increased  by  more  than  50%
in  thirty  years.  Five  to  6%  of  the  French  population  will  develop  colorectal  cancer,  60%  of
this  population  before  the  age  of  50  years  old.
The  diagnosis  of  colonic  cancer  is  based  on  visually  guided  ﬂexible  colonoscopy,  which
both  direct  visualizes  the  tumor  and  enables  biopsies  to  be  taken  which  are  required  for
histological  diagnosis.
Imaging  is  useful  if  colonoscopy  is  impossible  or  incomplete,  in  emergency  situations
(obstruction  or  perforation)  and  for  the  staging  assessment  of  a  tumor.Indications for imaging
Imaging  is  involved  in  three  situations  in  colonic  cancer.  The  central  role  of  visually  guided
ﬂexible  colonoscopy  should  not  however  be  forgotten.
E-mail address: caridereauzins@chu-angers.fr
http://dx.doi.org/10.1016/j.diii.2014.03.004
2211-5684/© 2014 Éditions franc¸aises de radiologie. Published by Elsevier Masson SAS. All rights reserved.
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nvestigating polyps: CT colonography
creening  for  these  premalignant  lesions  may  be  for  personal
easons  (in  a  population  at  high  risk  —  past  personal  or  fam-
ly  history  —  or  those  at  very  high  risk  —  the  inherited  colonic
ancers  and  polyposis)  or  by  mass  screening  (general  popu-
ation  over  the  age  of  50  years  old).  The  investigations  which
re  currently  proposed  are  stool  testing  using  the  hemoccult
nd  visually  guided  ﬂexible  colonoscopy.  CT  colonography  is
ndicated  if  visually  guided  ﬂexible  colonoscopy  fails  or  is
efused  and  can  be  offered  more  generally  to  patients  at
oderate  risk  who  want  more  than  a  hemoccult  test  or  for
atients  at  high  risk  who  do  not  wish  to  undergo  colonoscopy.
he  technique  uses  gas  (CO2)  as  the  method  of  colonic  dis-
ension  and  is  read  on  dedicated  software.
linically suspected cancer: water enema CT
he  clinical  signs  of  colonic  cancer  are  well
nown  —  alternating  diarrhea  and  constipation,  rectal
leeding,  pain  or  the  ﬁnding  of  an  abdominal  mass,  dete-
ioration  in  general  health  and  iron  deﬁciency  anemia.
ater  enema  CT  is  indicated  if  visually  guided  ﬂexible
olonoscopy  is  unsuccessful  or  is  impossible  and  for  the
reoperative  assessment  of  the  tumor.  The  technique  uses
ater  as  the  means  of  distending  the  colon  and  can  be
erformed  routinely  without  dedicated  software.
cute complication of colonic cancer:
‘simple’’ abdominal and pelvic CT
n  the  event  of  obstruction  or  perforation,  a  ‘‘simple’’
i.e.  without  colonic  opaciﬁcation)  abdominal  and  pelvic  CT
an  be  used  in  an  emergency  to  diagnose  cancer  and  its
omplications.
ew treatment approaches
he  radiologist  must  be  aware  of  these  new  approaches  in
rder  for  the  initial  assessment  to  be  complete  and  appro-
riate.
urgically
olectomies  (left,  right  and  total)  are  performed  laparo-
copically  by  most  surgical  teams  [2].
Early  rehabilitation  (ERAS)  [3]  is  increasingly  used.  This
ractice  involves  an  overall  ‘‘non-aggressive’’  approach  to
he  patient  in  the  perioperative  period,  in  particular  with  no
reoperative  colonic  preparation.  This  makes  it  impossible
o  carry  out  peroperative  colonoscopy  and  requires  accurate
nitial  identiﬁcation  of  small  lesions.
Surgery  for  liver  metastases  is  advancing  rapidly  and  can
e  performed  (depending  on  the  surgical  teams  and  number
nd  sites  of  the  lesions)  in  the  same  surgical  stage  as  the
olectomy  or  may  be  performed  later.
Surgery  for  peritoneal  carcinomatosis  is  also  developing
nd  involves  a  tumor  resection  stage,  either  combined  or
ot  combined  with  intra-peritoneal  chemotherapy.
a
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hemotherapy
eoadjuvant  chemotherapy  (in  addition  to  adjuvant
hemotherapy)  can  be  offered  for  non-metastatic  colonic
ancer  which  is  associated  with  poor  prognostic  indicators
uch  as  invasion  of  the  muscularis  (T3),  peritoneum  or  a
eighbouring  organ  (T4)  [4].
nsertion of a colonic stent
his  is  an  endoluminal  technique  (performed  radiologically
r  endoscopically),  which  releases  a  colonic  obstruction.
he  size  of  the  prosthesis  used  depends  on  the  length  of  the
tenosed  bowel.  It  does,  however,  carry  well-known  risks  of
ong-term  dissemination  and  perforation.  If  surgery  is  possi-
le,  it  should  be  performed  shortly  after  the  stent  has  been
nserted.
uestions asked by the surgeon to the
adiologist
hese  are  speciﬁc  and  all  have  an  impact  on  treatment:  the
adiology  report  should  therefore  answer  these  questions
oint  by  point.
hat is the precise site of the tumor in the
olon?
opographic  errors  may  be  made  in  visually  guided  ﬂexible
olonoscopy,  particularly  beyond  the  left  colonic  ﬂexure  in
olichocolon,  and  a  small  tumor  may  be  difﬁcult  to  identify
aparoscopically.
hat is the extension of  the tumor?
umor  extension  to  the  peritoneum  is  a  contraindication  to
aparoscopic  surgery  (a  risk  of  dissemination  into  the  perit-
neal  cavity).
Depending  on  the  site  of  the  tumor,  certain  organs  should
e  assessed:  the  left  ureter  and  bladder  for  a left  colonic
esion,  the  duodenum  for  a  right  colonic  lesion  and  the  stom-
ch  and  pancreas  for  a  transverse  colonic  lesion.
re metastases present (liver or lung)?
f  they  are,  initial  surgery  is  carried  out.  The  metastases
eed  to  be  precisely  located  and  measured  to  monitor  their
hange  and  decide  on  any  subsequent  surgery.
s peritoneal carcinomatosis present?
f  this  is  shown  on  imaging  (CT,  PET  CT  or  MR),  initial
hemotherapy  is  started  before  any  subsequent  consider-
tion  of  peritoneal  surgery,  whether  or  not  combined  with
ntra-peritoneal  chemotherapy  with  hyperthermia  (IPCH).
If  any  questions  remain  about  the  imaging  assessment,
n  exploratory  laparoscopy  should  be  planned.
If  carcinomatosis  is  found  preoperatively,  the  procedure
ombined  with  tumor  reduction  depends  on  the  location  and
umber  of  tumor  sites.
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Is the colon pre-perforated?
In  this  case,  surgery  should  be  performed  without  delay.  A
decision  may  be  taken  to  insert  a  colonic  stent  depending  on
the  patient’s  general  health,  pending  surgery  under  optimal
conditions.
The radiologist’s answers in the
non-emergency situation: water CT
In  this  situation,  the  answers  are  provided  by  water  enema
CT  [5—7].
Technique
This  investigation  involves  a  simple  technique:  after
introducing  a  cannula  connected  to  an  enema  bag  contain-
ing  2  litres  of  warm  water,  an  image  recorded  under  normal
contrast  conditions  is  used  to  conﬁrm  that  severe  stercoral
impaction  is  not  present  and  to  investigate  the  liver  before
contrast  injection.  The  enema  is  then  started  and  is  passed
quickly  (three  minutes)  without  mobilizing  the  patient,  who
remains  in  the  decubitus  position.  A  second  acquisition  is
performed  after  IV  iodinated  contrast  enhancement  injec-
tion  in  the  portal  phase.  The  enema  is  evacuated  as  soon  as
the  acquisition  is  ﬁnished  by  tipping  the  enema  bag  down-
wards.  The  investigation  lasts  a  total  of  ten  minutes.
If  a  tumor  lesion  is  found,  the  chest  is  examined  during
the  same  investigation.
The  water  enema  CT  is  read  on  a  standard  viewing
console  by  examining  axial  reconstructions  and  both  coronal
and  sagittal  reconstructions.
AppearancesNormally  the  colonic  wall  appears  as  a  regular  thin  line
(less  than  3  mm  thick),  enhancing  homogenously  in  the  por-
tal  phase.  The  haustrations  and  folds  are  followed  easily
by  scrolling  through  the  axial  sections  and  multi-planar
S
i
t
(
Figure 1. Water enema CT: stage T2 adenocarcinoma in the sigmoi
(arrows).477
econstructions.  The  bowel  lumen  is  open  and  the  peri-
olonic  fat  is  homogeneous  in  appearance.
A  colonic  cancer  appears  as  local  wall  thickening  with
ronounced  heterogeneous  enhancement.  The  lesion  may
e  budding  and  sessile  in  the  lumen  of  the  colon  or  may  be
ore  or  less  circumferential.  It  may  or  may  not  be  associated
ith  stenosis  of  the  lumen  of  the  bowel  and  inﬁltration  of
he  adjacent  fat.  Its  location  within  the  bowel  should  be
escribed.
taging assessment
ny  enlarged  lymph  nodes  or  metastases  (liver,  mesenteric
r  lung)  should  be  identiﬁed.
In  a  recent  work  (unpublished  data),  we  have  proposed
n  assessment  of  tumor  stage  (stage  T  of  the  international
NM  classiﬁcation)  by  examining  the  appearances  of  the  per-
toneal  edge  of  the  tumor:  convex  for  T1  or  T2  lesions  (the
istinction  between  the  2  stages  is  impossible  on  imaging)
Fig.  1) and  concave  and  ‘‘stiff’’  for  a  T3  lesion  (breaching
he  muscularis)  (Fig.  2).  Invasion  of  a  neighbouring  organ
abdominal  wall,  liver,  bladder,  pancreas,  stomach,  duo-
enum  or  fascia)  indicates  a  stage  T4  lesion  (Fig.  3)  and
nﬁltration  of  the  adjacent  fat  should  be  deemed  to  be  a
oor  prognostic  indicator  [8].
The  site  of  the  tumor  in  the  colon  is  identiﬁed  from  the
arious  reconstructed  planes  (Fig.  4).
The  N  stage  is  more  difﬁcult  to  establish.  In  our  study
e  considered  peri-tumor  lymph  nodes  over  5  mm  in  size,
nhancing  to  more  than  100  UH,  to  be  invaded  (speci-
city  77.4%;  sensitivity  77.3%)  (Fig.  5).  Surgical  lymph  node
urettage  removes  several  nodes  and  when  histological
xamination  cannot  identify  the  node  believed  to  be  pos-
tive  we  deﬁne  a  tumor  as  N+  when  at  least  one  lymph  node
eets  these  criteria.
itfalls and differential diagnosesome  situations  can  make  the  diagnosis  more  difﬁcult.  These
nclude  chronic  sigmoid  diverticulitis  lesions  which  cause
hickening  of  the  wall  or  a  small  tumor  located  in  a  fold
Fig.  6).  A  second  tumor  site  must  not  be  missed  (Fig.  7).
d colon: exophytic lesion with convex regular peritoneal outline
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Figure 2. Water enema CT: stage T3 adenocarcinomas: ‘‘stiff’’ concave lesions at the peripheral edge: exophytic shaped tumor (a) and
circumferential stenotic tumor (b) (arrows).
Figure 3. Water enema CT: stage T4 adenocarcinomas: tumors invading a neighbouring organ: the liver (a), abdominal wall (b), right
posterior wall fascia (c) (arrows).
Figure 4. Location of the cancer in the colon: adenocarcinoma located by visually guided ﬂexible colonoscopy in the right transverse
colon: water enema CT reﬁnes the site to the left angle on axial section (a) and coronal reconstruction (b) (arrows).
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with 103 UH enhancement (arrow), deemed to be invaded by tumor.
Not  all  tumors  are  adenocarcinomas.  Lymphomas  are
particularly  recognizable  by  their  very  homogeneous
appearance  and  extremely  regular  external  outlines  (Fig.  8).
Not  all  thickening  of  the  wall  represents  tumor  and  tar-
get  shaped  lesions  of  the  wall  (enhancement  of  the  mucosa
p
m
e
Figure 6. Small lesion estimated to be T1/T2 (the distinction betwee
is difﬁcult to identify on axial sections (a), but clearly seen in sagittal (b
Figure 7. Dual lesion cancer: circumferential lesion of the right trans
lesion in the right colonic ﬂexure seen on coronal reconstruction (b) (arr479
nd  sub-mucosal  edema  often  combined  with  a  ‘‘comb
ign’’)  (inﬁltration  with  the  appearance  of  the  teeth  of  a
omb)  (Fig.  9)  suggests  an  inﬂammatory  Crohn’s  disease-
ype  lesion.
eritoneal carcinomatosis
he  diagnosis  of  peritoneal  carcinomatosis  is  straightfor-
ard  when  a  peritoneal  effusion  is  present  and  combined
ith  tumor  implants.  If  any  doubt  is  present,  this  can
e  conﬁrmed  by  PET  CT  (Fig.  10)  or  MR  (diffusion  and
2  weighted  sequences),  which  provide  an  accurate  pre-
reatment  assessment  [9,10].
he radiologist’s response in the
mergency situation: abdominal and a
elvic CT
he  answers  in  the  situation  of  an  acute  complication  are
rovided  by  abdominal  and  pelvic  CT  with  IV  iodine  enhance-
ent  but  without  opaciﬁcation  of  the  bowel  lumen.  This
nables  one  of  the  following  two  diagnoses  to  be  made.
n these 2 stages is not possible on imaging) located in a fold. This
) and coronal (c) reconstructions (arrows).
verse colon seen on axial section (a), combined with an exophytic
ows).
480  
Figure 8. Typical appearances of a colonic lymphoma: circumfer-
ential thickening enhancing homogeneously with distinct margins
not inﬁltrating the adjacent fat (arrow).
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Figure 9. Colonic Crohn’s disease: circumferential thickening of the w
reduced density sub-mucosa) combined with a ‘‘comb sign’’ (inﬁltration
performed to investigate the colon beyond a sigmoid stenosis which cou
Figure 10. Right colonic tumor estimated at grade T4 (invasion of the p
sites (arrow), seen on water enema CT; assessment supplemented with
surgery).C.  Ridereau-Zins
olonic obstruction
olonic  cancer  should  be  the  primary  diagnosis  suspected  in
ny  case  of  colonic  obstruction;  the  tumor  is  located  at  the
unction  between  the  dilated  and  ﬂat  colon  (Fig.  11).
Colonic  distress  proximal  to  the  tumor  should  be  assessed
n  order  to  decide  whether  immediate  surgery  or  possibly
tenting  is  required  (Fig.  12).
The  peritoneal  effusion  may  be  reactive  to  the  obstruc-
ion  and  is  not  necessarily  synonymous  of  peritoneal
arcinomatosis.
olonic perforation
his  usually  occurs  proximal  to  the  cancer  (diastatic  perfo-
ation  of  the  caecum)  rather  than  through  the  tumor  itself
Fig.  13).
In both  of  these  circumstances,  when  colonic  cancer  is
iscovered,  further  investigation  of  the  thorax  is  required  at
all with target shaped enhancement (increased density mucosa and
 looking like the teeth of a comb) (arrows). Water enema CT was
ld not be crossed on visually guided ﬂexible colonoscopy.
osterior parietal peritoneal fascia) with multiple mesenteric tumor
 PET CT before treatment (initial chemotherapy then peritoneal
Imaging  in  colonic  cancer  481
Figure 11. Emergency abdominal and pelvic CT: colonic obstruction due to stenotic sigmoid colon cancer: the lesion is located at the
junctional area between the dilated colon and ﬂat colon (arrows).
Figure 12. Colonic obstruction with severe dilation and air present in the caecal wall (a) proximal to a stenotic cancer in the sigmoid
colon (b); endoscopic management by colonic stenting releasing the obstruction in the emergency stage (c) (arrows).
Figure 13. Diastatic perforation of the caecum (a) proximal to a stenotic left colonic cancer (b) (arrows).
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he  same  time  as  the  investigation  for  a  full  primary  oncology
ssessment.
onclusion
he  speciﬁc  site  of  the  cancer  in  the  colon,  assessment  of
he  T stage  of  the  tumor  (particularly  T4)  and  the  presence
f  metastases  (liver  or  lung)  or  peritoneal  carcinomatosis  are
seful  ﬁndings  for  the  management  of  colonic  cancer.  These
re  best  provided  by  water  enema  CT,  except  in  emergency
ituations.
TAKE-HOME  MESSAGES
• Imaging  is  indicated  for  colonic  cancer  when  optical
colonoscopy  is  not  possible  or  incomplete  and  in
emergency  situations  (obstruction  or  perforation).
• The  pre-treatment  assessment  for  colonic  cancer  is
based  on  water  enema  CT.
• The  treatment  strategy  for  colonic  cancers  depends
on  the  site  of  the  tumor,  stage  of  colonic  wall
extension  and  the  presence  of  metastases.
• A  presumed  T4  stage  cancer  is  a  contraindication  to
laparoscopic  surgery.• If  the  metastases  or  peritoneal  carcinomatosis  is
present,  chemotherapy  is  given  prior  to  surgery.
3
igure 14. Water enema CT, coronal (a) and axial (b) sections.C.  Ridereau-Zins
linical case
his  79-year-old  male  patient  with  a  past  history  of  a
erebrovascular  accident  resulting  in  right  hemiplegia  was
dmitted  for  assessment  of  iron  deﬁciency  anemia.  The
olonoscopy  was  incomplete  and  stopped  at  the  transverse
olon.
uestions
)  Which  investigation  would  you  suggest?
)  What  anomalies  can  you  describe  from  Fig.  14?
)  What  treatment  strategy  would  you  propose?
nswers
)  Water  enema  CT.
)  The  water  enema  CT  showed  thickening  of  the  wall  of  the
right  colon  representing  a  tumor.  The  lesion  is  circum-
ferential  with  irregular  external  outlines  and  is  invading
the  anterior  abdominal  wall.  The  tumor  is  graded  T4
(Fig.  15a,  arrow).  It  is  located  in  the  right  colon.  Nod-
ules  of  peritoneal  carcinomatosis  are  present  (Fig.  15b,
arrow).)  Another  colonoscopy  after  better  digestive  preparation
of  the  patient  to  obtain  histological  conﬁrmation  of
the  tumor  (adenocarcinoma)  before  initiating  ﬁrst-line
chemotherapy.
Imaging  in  colonic  cancer  483
oloniFigure 15. The water enema CT shows a circumferential right c
peritoneal carcinosis (15b, arrow).
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